ABSTRACT -This study aimed to estimate the heritability coefficients for ten functional type traits and milk production in the Jersey breed in Brazil, besides the genetic and phenotypic correlations between them. The present study utilised data from 1,567 records of linear type traits, including stature (ST), body depth (BD), loin strength (LS), rump width (RW), rump angle (RA), fore udder attachment (FUA), front teat placement (FTP), rear udder height (RUH), central ligament (CL), and final score (FS). Milk yield (MY) adjusted to 305 lactation days was also calculated. Covariance components were estimated by the restricted maximum likelihood approach using the PEST and VCE6 programs on the animal model. Heritability coefficients thus assessed were as follows: 0.22±0. 
Introduction
The linear type traits form an interesting set of traits for dairy farmers as they are related to appearance, breed pattern as well as productive performance of cows, throughout their lifetimes (Kern et al., 2015) . Thus, traits associated with rump, feet and legs, dairy strength, and mammary system have been monitored since the time the Jersey breeding programs commenced across the world (Norman et al., 1978) .
Heritability estimates for the functional type traits were reported for the Jersey breed in the United States (Norman and Van Vleck, 1972; Norman et al., 1978; Norman et al., 1988; Gengler et al., 1997; Wiggans et al., 2004) ; Italy (Biscarini et al., 2003) and South Africa (Van Niekerk et al., 2000; Theron and Mostert, 2004; Du Toit et al., 2012) . Although some estimates of heritability reported in these studies were moderate, in a few instances, they were high, reiterating that most type traits possess the potential to be used as selection criteria. Furthermore, Visscher and Goddard (1995) and Zink et al. (2014) demonstrated that a positive correlation existed between some type traits and milk yield, which can cause an indirect milk yield escalation, when some conformation traits are used as selection criteria.
However, until now, no reports of the estimation of genetic parameters are available for the type score traits in Brazilian Jersey herds, which reveal difficulties in establishing selection criteria for these cows in the country. As the Brazilian milk system is predominantly pasture-oriented, unlike most other countries where feedlots predominate, genetic parameters estimated in these latter countries may not be suitable references for the Brazilian herds. Hence, this study aimed at determining the heritability coefficient for the type traits and milk yield in Jersey cows from the Brazilian herds, as well as genetic and phenotypic correlations between these traits.
Material and Methods
The analyses, using data from 1,567 records of ten type traits and milk yield of first lactation cows, collected between 2000 and 2011, from 16 herds in six of the Brazilian states (CE, GO, MG, PR, SC and SP), were performed by the Brazilian Jersey Breeders Association (BJBA). The relationship matrix included the information drawn from a total of 2,786 animals, including sires and dams. The traits studied (Table 1) were stature (ST), body depth (BD), loin strength (LS), rump width (RW), rump angle (RA), fore udder attachment (FUA), front teat placement (FTP), rear udder height (RUH), central ligament (CL), final score (FS), and milk yield (MY).
Dairy cattle were assessed using the International method of evaluation to measure the type traits according to the World Holstein Friesian Federation (WHFF, 2005) . The BJBA estimated the trait scores per WHFF recommendations; thus, all the scores fell within the range from 1 (one) to 9 (nine); an authorised official of the Holstein Association was the classifier who determined these scores and who was, therefore, well-versed in the WHFF-established regulations. The BJBA included loin strength and final score in the assessment, with loin strength ranging from 1 (low strength) to 9 (immense strength), while the final score was the sum of scores from all the 21 type traits evaluated. Data from cows below 20 months of age or more than 48 months of age were excluded.
Data on type traits were tested for normality (ShapiroWilk) before being evaluated. All traits showed normal distribution (P>0.05). The animal model included random effects of the additive genetic value and residual value for each animal in each trait. Besides, the earlier analysis of variance (not shown) performed in the SAS program (Statistical Analysis System, version 9.3) revealed significant effects (P<0.05) for all the fixed effects included in both models employed.
The analyses included two models, the first being selected for type traits and the second for milk yield. The effects investigated in the first model included fixed effects of the contemporary group (herd, year of classification, and period of classification: 1 = December to February; 2 = March to May; 3 = June to August; and 4 = September to November), with age at the time of calving used as a covariate (linear and quadratic), beyond the random additive genetic and residual effects. The classifier effect was excluded from this model because the same individual had evaluated all the cows. The second model was similar to the first, but the contemporary group (herd, year, and season of calving) also took into account the four seasons being considered (December to February; March to May; June to August; and September to November). Contemporary groups that revealed less than three records were excluded from both models.
Using the multi-trait method, the variance components were estimated. Five traits were analysed, until the relationships among all the traits had been investigated. The model used is represented by
which y is the vector of the dependent variables, X is the incidence matrix for the fixed effects, b is the vector of the solutions for the fixed effects, Z is the incidence matrix for the additive genetic effects, a is the vector of the solutions for the random additive effects, and e is the vector of the random residual effects.
The components of the models for analysis are represented simply as given: 
The multi-trait model is represented as:
in which the subscripts 1, 2, 3, 4, and 5 represent the traits evaluated and considered in each analysis. The (co)variance matrix for the genetic effects is G = G A, in which A is the genetic relationship matrix and G 0 is the matrix (of order 5), as follows: 
in which G = A G is an additive genetic variance matrix between the traits and R = I R 0 is the residual (co) variance matrix (of order 5) between each of the five traits under consideration in each analysis. The animal model was used to determine the variance components and genetic parameters employing the restricted maximum likelihood (REML) approach, using the VCE6 (Groeneveld et al., 2010) and PEST (Groeneveld, 2006) programs.
Results
Stature (0.22±0.01) and BD (0.35±0.07) revealed moderate heritability coefficients (Table 2) , while the genetic correlations of ST with the other traits were in the range of 0.15 to 0.74 (Table 3) ; for BD, however, the genetic correlations ranged from 0.20 to 0.84.
In the present study, three traits associated with rump conformation were assessed. For LS (0.09±0.01) and RW (0.17±0.01), low heritability estimates were determined, but for RA (0.55±0.05), a high heritability was estimated. For these traits, the genetic correlations (Table 3) fell within the range of −0.10 (RA × FS) to 0.87 (RW × CL).
The udder conformation traits FUA, FTP, RUH, and CL were assessed in the present study. Fore udder attachment (0.20±0.02), FTP (0.40±0.06), and RUH (0.40±0.06) displayed the more expressive heritability values, while CL showed low heritability (0.15±0.02). For these traits, the genetic correlations (Table 3) The final score demonstrated a moderate coefficient of heritability (0.21±0.02), while the genetic correlations (Table 3) 
Discussion
The average values for ST and BD in the Jersey herds in Brazil were found to fall below the ideal values for ST (between 3 and 4) and BD (7), which indicated the need to increase these scores. The coefficients of heritability for ST (0.22±0.01) and BD (0.35±0.07) were found to be moderate, with the response to selection falling in the midterm period. The heritability for ST was within the 0.20 to 0.43 range, concurring with the results from other studies on the Jersey breed (Table 4) , while the estimate for BD crossed the highest value (0.27) recorded in the earlier studies (Table 4) . However, the increase in the ST and BD estimations may have implications for other traits, due to the high genetic correlations (Table 3) . Genetic correlations involving ST and DB observed in the present study corresponded to the results of studies performed earlier on Jersey cows, because Norman et al. (1978) , Gengler et al. (1997) , Wiggans et al. (2004) , and Biscarini et al. (2003) also reported mainly positive genetic correlations between these traits (ST and BD) and other type-score traits in the Jersey breed. Besides, our results confirmed those of Vallimont et al. (2010) , namely, that deeper bodies are genetically related to more productive cows, due to the positive high genetic correlation between MY and BD (0.74±0.09).
According to BJBA, the ideal LS, RW, and RA scores are 9, 9, and 5, respectively. Thus, the average scores for LS (6.16) and RW (5.25) fell below the ideal values, while the average value for RA (5.85) indicate that it would be beneficial to reduce this score in the Brazilian Jersey cows. Low estimates of heritability were observed for LS (0.09±0.01) and RW (0.17±0.01), but a high heritability value was noted for RA (0.55±0.05). Therefore, genetic gains are anticipated for RA over the short term, while similar gains will require a long-term period for the improvement of LS and RW via direct selection. Earlier studies on the Jersey breed (Table 4) reported heritability in the low to moderate range for these traits, with values from 0.10 to 0.26 (LS), 0.09 to 0.22 (RW), and 0.12 to 0.41 (RA). Therefore, the literature appears to present a consensus in suggesting that while LS and RW show low to moderate heritability, RA can record a high value for this parameter. Loin strength, RW, and RA (Table 3) revealed positive genetic correlations in general, the only exception being the value −0.10 (RA × FS). Therefore, other type traits can be employed to raise the values of LS and RW. For instance, RUH showed a genetic correlation of 0.74±0.11 with RW, while FTP revealed 0.54±0.08 with CL, and both RUH and FTP recorded high heritability (Table 2) . Gengler et al. (1997) and Wiggans et al. (2004) reported positive genetic correlations for RW as well. Gengler et al. (1997) recorded a genetic correlation of −0.17 between RA and FUA, whereas the remaining positive correlations were closer to zero. Wiggans et al. (2004) and Biscarini et al. (2003) reported values below 0.30 for the genetic correlations between RA and other traits. According to the BJBA, the ideal FUA, RUH, CL, and FTP scores are 9, 9, 9, and 5, respectively. Thus, the average values for FUA (4.98), RUH (7.92), and CL (6.22) were observed to fall below the ideal values, while FTP had an average of 4.78, close to the ideal value. Front teat placement (0.40±0.06) and RUH (0.40±0.06) demonstrated greater expressive values of heritability, while FUA (0.20±0.02) and CL (0.15±0.02) had lower values among the traits in this group. The genetic correlations (Table 3) involving FUA, RUH, CL, and FTP ranged from 0.01 (FTP × FS) to 0.87 (CL × RW), which implied that other type traits can be used to improve FUA and CL via indirect selection. For example, FUA showed a genetic correlation of 0.65±0.12 with RUH, while CL showed 0.77±0.12 of genetic correlation with FTP, and both RUH and FTP exhibited high heritability (Table 2) .
In Brazil, the final score is an index resulting from the sum of the scores of 21 linear type traits. In the present study, an average final score of 78.69 was registered (Table 1) , although according to the BJBA recommendations, the ideal final score is 90 points. The heritability estimated in this study (0.21±0.02) suggests that the selection to improve the final score would produce genetic gains in the midterm period. Due to the large number of type traits, many farmers select the final score as the selection criterion, with the expectation of enhancing all the type traits. In several instances, the genetic correlations involving the final score and other type traits reveal low to moderate values (Table 3 ). It is significant that different score weights are assigned to individual traits comprising the final score and, therefore, that some type traits are anticipated to exhibit less genetic strength in the final score. Despite this, other studies also reported a low genetic correlation between the final score and a few specific type traits in the Jersey cattle (Gengler et al., 1997; Biscarini et al., 2003) , which may partially explain the higher phenotypic (co)variance observed in the Jersey breed as against that expressed by the Holstein cattle, for instance.
The low heritability (0.16±0.02) exhibited for milk yield does not concur with the result from other studies investigating the Jersey breed (Gacula Jr. et al., 1968; Deb et al., 1974; Ahlborn and Dempfle, 1992; Campos et al., 1994; Visscher and Goddard, 1995; Musani and Mayer, 1997; Roman and Wilcox, 2000; Guo et al., 2002; Dionello et al., 2006; Missanjo et al., 2013; Zambrano et al., 2014) . The values reported in these studies hovered between 0.21 and 0.46. However, Sharma et al. (1983) reported a heritability factor of 0.14 for milk yield in the Jersey breed, when they used the milk yield of 305 days alone (i.e. based on a 305-day milk yielding period), and 0.26 when they employed a random regression model involving ten evaluations during the first lactation. This could be the reason for the decrease in the value noted in this study, as the 305-day milk yield period was also used here.
Milk yield revealed a higher genetic correlation with BD, LS, RW, and FUA traits, although all the other type traits demonstrated positive genetic correlations with MY, although lower in value. This indicates that the selection employed to increase type traits can induce an increase in milk yield. Van Niekerk et al. (2000) reported all positive genetic correlations between MY and ST (0.33), RA (0.10), RW (0.37), FUA (0.20), and RUH (0.70). However, generally, the magnitude was less than that of the present study. The results of this study support earlier results of Dube et al. (2009) for a high genetic correlation between FUA and MY, as a superior FUA would be more desirable, as well as cows that produce for a greater number of lactations.
The results of the present study imply that the type traits BD, RW, FTP, RUH, and FS could be recommended for application in the selection programs dealing with the Jersey cattle in Brazil. These traits, besides possessing moderate to high coefficients of heritability, also presented beneficial genetic correlations with the other significant type traits and milk production.
Conclusions
The Jersey breed in Brazil revealed genetic variability in the milk yield and type traits; however, depending on the trait, the genetic gain can be obtained over a short-or mid-term period.
The type traits in the Jersey breed in Brazil are genetically related, and the selection of any of them may induce an indirect response in another trait.
All the type traits revealed positive genetic correlation with milk yield, and their selection to increase milk yield may raise the score values of type traits.
